Hallux rigidus (HR) is a progressive degenerative pathology affecting the first metatarsophalangeal joint. The aim of the present study is to report our experience on the treatment of HR patients with two different surgical methods: arthrodesis and hemiarthroplasty. Twelve patients (14 HR) underwent surgery for HR from July 2004 to October 2009. Median age was 58 years (Interquartile Range (IQR) 52.75-65.0). At time of surgery, patients had different grades of HR, according to the Regnauld modified classification. The outcome was assessed using the American Orthopedic Foot and Ankle Society (AOFAS) Hallux Metatarsophalangeal-Interphalangeal (HMI) scale. Controls were performed at one month and then at mid-term follow-up (median 48 months; IQR 29.3-58.0). In the arthrodesis group (n = 6 HR) we observed a median improvement of 35.5 points (IQR 34.75-36.0; p = 0.036) at the early follow-up. In the hemiarthroplasty (n = 8 HR) group the median of differences at the one-month follow-up was 33 (IQR 30.5-33.0; p = 0.022). At mid-term follow-up the arthrodesis group showed the median difference score of 35 in comparison with the hemiarthroplasty group which showed a median score of 30.5 (IQR 28.0-32.5). Our results are consistent with the current understanding of two surgical techniques for the treatment of HR: nowadays, arthrodesis is considered the treatment of choice in grade III and IV. Hemiarthroplasty seems to be a promising option. Management of pain and joint flexibility are fundamental to prevent relapses and restore the Range Of Motion (ROM) in dorsal flexion. This article is a retrospective case series with a level of evidence 4.
Introduction
Hallux rigidus (HR) is a progressive, degenerative pathology affecting the first metatarsophalangeal (MTP) joint, which was first reported by Davies-Colley [1] in 1887. HR is, after hallux valgus, the most frequent affliction of the first MTP joint, with a prevalence of 2% in people between 30 and 60 years old in the USA [2] . The etiology is not well established, but appears to be complex, with arthritis, inappropriate use of the shoes, and traumatic events as the most common predisposing factors [3, 4] . Further predisposing factors are a long first metatarsal bone, flat metatarsal head, pesplanus, dorsiflexion of the first metatarsal, and long and narrow foot. The diagnosis is based on clinical and radiographic investigations which show narrowing of the joint space, the presence of dorsal osteophytes, and flattening of the metatarsal head with sesamoid impairment. HR clinically presents with stiffness of the first MTP and of the sesamoid complex which causes joint pain and movement restriction in walking and in articular function [4] . There are many options in the treatment of HR according to the age of patients, stage of the disease, activity level and severity of the lesions. For the staging of HR, the Regnauld (1986) classification [5] with the modifications proposed by Collins and Shurnas [6] is largely used. According to the results of the literature, cheilectomy with resection of 25%-33% of the dorsal metatarsal head and proximal phalange osteophyte is advised for the early stage and for grade I and II of HR; larger resection of more than one third of the articular surface may cause instability and subluxation [7] [8] [9] [10] . In grade III and IV, the best results have been obtained with arthroplasties (included hemiarthroplasty) and arthrodesis treatment [9, 11, 12] . Although implants, hemiarthroplasty and arthroplasty had demonstrated good results with good joint motion, complications linked to the postoperative first ray instability, shortness, and metatarsal pain have limited the use of this treatment.
The aim of the present study is to compare the pros and cons of two different surgical methods widely reported in literature: arthrodesis and hemiarthroplasty [13] [14] [15] [16] [17] [18] .
Materials and Methods
The patients were considered affected by hallux rigidus according to the "International Classification of Diseases, 10 revision" [19] procedure codes (code M20.2). All patients with a hallux valgus >15˝, with gout or with sesamoid-MTP arthritis, and inflammatory arthropathy were excluded. The study was approved by local ethical committee and is in accordance with the Declaration of Helsinki.
The source of the patients was the outpatient department of the Orthopedics Clinic, University of Catania (Catania, Italy). The data were abstracted by two of us and the outcome measurements and statistical analysis were undertaken by one of us.
For the staging of HR we used the Regnauld (1986) classification [5] with the modifications proposed by Collins and Shurnas [6] .
We use the following surgical options: arthrodesis, hemiarthroplasty. The arthrodesis was performed through a longitudinal supero-medial incision centered on the first MTP with a longitudinal incision of the capsule with the surgical fusion of the joint using either clevis or screws. On a frontal plane we block the joint in a neutral position; in the transversal plane we block the joint between 15a nd 20˝in valgus; and on a sagittal plane we block the join in dorsiflexion between 20˝and 30˝ [11] . The hemiarthroplasty was performed using a metatarsal implant with the aim of preserving the Range Of Motion (ROM), avoiding the arthrodesis. We used Hemicap implant with the technique to resurface the metatarsal head as described by Hasselmann and Shields [9] . At follow-up the patients were evaluated by a clinical investigation and radiographic exam at 1, 3 and 6 months. Final evaluation was performed at a median of 48 months (Interquartile Range (IQR) 29,33-58). The outcome was assessed using the Hallux Metatarsophalangeal-Interphalangeal (HMI) scale by from the American Orthopedic Foot and Ankle Society (AOFAS) [13, 20] . No modifications of this score were used despite the fact that an arthrodesis of the first MTP joint results in a maximum score of only 90, as 10 points are assigned for MTP joint motion. The Numeric Rating Scale (NRS) scale was used to report the level of pain. The different surgical procedures were made by two different surgeons who, however, did not take part in the calculation of the score. No comparison group was considered and no explanatory analysis was performed. The AOFAS score was recorded before surgery, one month after surgery and then with a mean follow-up of 36 months (24-48 months) by two different investigators.
Continuous variables were reported as median and IQR, whereas discrete and categorical variables were reported as count and percent value. We used Wilcoxon test for related samples to compare AOFAS-HMI scores preoperatively, postoperatively and at follow-up for all patients. For each group and between groups, Models of Pearson's correlations were created to test the relationship between the AOFAS-HMI score with the grade of HR. For statistical analysis we used Ministat Software 2.1 (ministat.software.informer.com).
Postoperative Rehabilitation [10] In hemiarthroplasty, weight-bearing is allowed one day after surgery with Baruk shoes. Rigid shoes are allowed 15 days after surgery. After hemiarthroplasty we propose this protocol: rehabilitation starts when the stitches are removed, giving priority to the flexibility in every phase of rehabilitation. Phase 1 (1-15 days): rest, Non Steroideal Anti-Inflammatory Drugs (NSAIDs) and ice. Gentle mobilization (day 7) of the first MTP joint and stretching exercises for the plantar fascia. Phase 2 (2-6 weeks): ice, active and passive mobilization of first MTP joint, stretching of plantar fascia and gastrocnemius muscle. We allow progressive weight-bearing with rigid shoes. Gradually the patient starts with proprioceptive exercises Biomechanical Ankle Platform System (BAPS) board). Phase 3: while continuing rehabilitation the patient progressively returns to daily life activities, checking for pain or rigidity relapse. After arthrodesis, the patient walks with Baruk shoes for 30 days and then we allow progressive weight-bearing with rigid shoes, and even in the patients stretching the plantar fascia and doing proprioceptive exercises are allowed after 30 days.
Results
This is a retrospective case series including 12 patients (n = 14 HR) undergoing surgery from July 2004 to October 2009 (5 years, 4 months). There were 10 females and 2 males. The median age was 58 years old (IQR 52.75-65.0).
At the time of surgery, patients had different grades of HR: 3 (21.4%) were grade II; 11 (78.6%) were grade III. 8 (57.2%) with HR, 3 with grade II and 5 with grade III, underwent hemiarthroplasty. 6 (42.%) with HR with grade III underwent arthrodesis of the first MTP joint (Table 1) . After a median follow-up of 48 months (IQR 29.33-58), in the arthrodesis group we observed an improvement of the median AOFAS score of 35.5 points (IQR 34.75-36.0, p = 0.036). The clinical outcome, however, was considered satisfactory by all patients, with a good recovery and no pain at three months, despite the loss of strength and function of the first MTP joint. No significant modification at follow-up was observed.
In the hemiarthroplasty group, at the median follow-up of 36 months, the median of differences was 33 points (IQR 30.5-33, p = 0.022). Relative to the hemiarthroplasty group, two patients still complained of mild pain after 3 months (EVA 3/10) whereas no patient complained of pain after 3 months in the arthrodesis group.
At middle-term follow-up, the hemiarthroplasty group showed the lowest median difference score (30.5; IQR 28-32.5) in comparison with the arthrodesis group (35; IQR 33.0-35.25). However, this difference was not significant (Table 2) . No general complications such as infections or neurovascular injuries occurred. In one case, the loosening of the implant (hemiarthroplasty) was observed after one year, and in this case an arthrodesis was performed.
In our series, the grade of HR (radiological classification) seems to be related with the preoperative AOFAS-HMI score (r =´0.77).
Discussion
In our series, both techniques showed good results at short-term follow-up. At a mid-term follow-up the prosthetic implants had worse results in terms of pain, joint motion and complications.
The small number of cases may have limited our ability to recognize a significant difference between groups, in particular in the arthrodesis series. Relative to the hemiarthroplasty group, two patients still complained of mild pain after 3 months (EVA 3/10) whereas no patient complained of pain after 3 months in the arthrodesis group. This observation was taken into account during the AOFAS-HMI score evaluation although we cannot consider it a failure (Figure 1 ).The lack of post hoc power analysis, in consideration of the number of cases, is the main limitation of the study.
Hasselmann and Shields [9] showed good results with the Hemicap metatarsal implant at 20 months in a case series of 100 feet. Erdil et al. [17] reported good results with the Hemicap implant in 14 feet at a short-term follow-up. However, there are few case series in literature with these implants. An article by Hopson et al. [21] describes the failure of one of these implants due to mobilization. Looking at the phalangeal implants, Giza et al. [18] published the results of a series of 22 feet treated with phalangeal hemiarthroplasty. They showed good results with two implant revisions, but overall there seems to be no significant difference with metatarsal implants. Sorbie and Saunders [22] , in a prospective study on 23 patients, used a cemented phalangeal hemiarthroplasty and reported an improvement of the motion from 57 points (range 39-80) on the preoperative AOFAS to 88 points (range 75-100) at a follow-up of 34-72 months. No complications were reported by the authors, with the exception of a small hematoma; only one patient, 3 years after the treatment, required a new surgical approach to repair the pre-existing hallux valgus.
Arthrodesis is indicated in severe HR (grade III with poor motility and grade IV) in all patients who, because of their activity, need the stability of the joint: there is an aesthetic contraindication in women who do not want to renounce high heels. Different techniques have been described for the joint fusion, with one screw, two screws, K wire or clavis. All authors insist on the stability of the synthesis to avoid non-union and pain [11, 12, [14] [15] [16] 23] . Arthrodesis is the treatment of choice when there is less than 50% of the metatarsal joint surface in good condition and as a rescue treatment after other techniques [6, 8, [13] [14] [15] . Complications of this treatment consist of poor alignment, non-union, and degenerative arthropathy of the hallux interphalangeal joint. Beeson [8] in his review states the percentage of success of an arthrodesis at 90%, with a residual pain present in 22%-30% of cases.
Raikin et al. [24] , in a retrospective series comparing the course of patients with severe first MTP arthritis, treated patients with arthrodesis vs. hemiarthroplasty with the Bio Pro implant: better results were obtained in the group treated with the arthrodesis, with results of 87% improving vs. 60%, respectively. In the group where treatment with arthrodesis was performed, no surgical revision was necessary and fusion was obtained by 12 weeks after surgery. However, patients in this group suffered minor complications consisting of irritation caused by the screw head, plantar callosity and instability of the second MTP joint.
In conclusion, HR is an underestimated pathology that can affect both younger and older patients. HR is often under-valued in the initial phase when the clinical signs are poor. In the advanced (grade III and IV) phase, it is a debilitating pathology that has a great effect on walking ability. At this phase every conservative approach is ineffective and surgery is the only option. Several techniques are described to treat HR. In our study we considered only two options. Nowadays, arthrodesis is considered, according to most authors, the treatment of choice in grade III and IV HR and our results confirm this statement. Good results in the short term still have to be confirmed, with more consistent case series at long-term follow-up. Concerns still exist about treatment with arthroplasty, and more investigations are needed, especially to compare the different implants often characterized by different philosophies (total replacement, metatarsal or phalangeal). There is a small amount of literature about rehabilitation after HR surgery [25] . In our opinion, the main goals to achieve are: the management of pain, and working on joint mobility in order to restore the correct dynamic of the step. It is fundamental, for preventing relapses, to restore the ROM of the first MTP joint in dorsal flexion.
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